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Abstract
A simple model is presented to predict the level of lccal-

ization (i.e., localization onto an atcmic, bonding lobe, molec-

uler, or band orbital) of the two and three hole final states
in Aucger lineshapes. In the spirit of the Hubbard model, the
éxtent of localization is predicted frcm the ane-and two-center
Coulomb interaction potentials and the relevant valence band-
widths. kesults from the model are compared witi experiment

for the N KVV lineshape from NaNO3, ané¢ the S and Si L23VV

~ineshapes from Lizso4 and Sioz- These lineshapes exhibit a

wile range of localization consistent with the model.

P it S




am S i

Often the core-valence-valence (CVV) Auger lineshapes can

be successfully interpreted as the self-convolution of the valence

1

band density of states,” particularly for conductors with wide

2

valence bandwidths r'. Matrix element effects ahd initial

3 can alter this picture éo some extent. If the

state screening
lifetime of the core hole is short enough, the Auger electron
can interact with the particles and fields present during the
4-6

creation of the core hole. Near threshold, when the kine-

tic energy of the Auger electron is low, post-collision inter-

actions can effect the lineshape.7

A more detailed and halanced
discussion of these and ther factors affecting Auger lineshapes
in solids has been given/tge excellent review by Fuggle.8

The most dramatic departures from the valence-band self-
convolution lineshape occurs if two (or more) holes are trapped
locally in their mutual Coulomb repulsion.g"ll For example,
two conduction band holes in the final state of the Auger pro-
cess are trapped rendering tﬁe ,L3M45M45 Auger lineshape atomic-
like for the elemental solids Cu, Fe, Ga and Gelz. Similarly,
a valence hole created via shakeoff during the initial state
ionization process can become trapped locally due to the core-
valence Coulomb repulsion Ucv leading to a shake-Auger satel-
lite contribution to the total Auger lineshape. The three-hole
final state of the shake-Auger process may be localized even
though the two-hole final state from the normal Auger process
is not because of the increased Coulomb repulsion of the 3-holes.

9-10

In the Cini-Sawatzky (CS) model of the Auger process

in elemental solids, two parameters determine the degree of
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localization of the CVV two-hole final state. Since :nter-
atomic Auger matrix elements are negligible13, except where
intra-atomic transitions are blocked14, t. Auger procéss picks
out a local density of states (D0OS), i.e., the Auger intensicy

is proportional to the probability tha: the two holes are local
to the atom with the initial core hole. This local DOS experi-
ences an effective one~center Coulomb repulsion 1. The enerqy

of this state is degenerate with that of two delscalized band
elecﬁrons if U< F, and thus to a good¢ approxima:ion the Auger
lineshape is gquasiatomic provided U> ' and a self-corwvolution

of the valence band prévided U<I" . 1In regions where U z= |’

both atomic and bandlike contributions are evid:nt in the line-
shape; i.e., correlation effects are present.

The CS model has been applied only to mono-elemental solids,
vrimarily metals. Consequeéply the localization can be descrihed
3 either atomic or bandlike. A very interesting question arises;
&2 there systems wheré intermediate lavels of localization exist,
“e€., iGzalization on some sub-cluster of the sy:tem? Some ionic
s..ic¢s contain covalently bonded sub-:lusters such at the oxy-
anions {(€.g., Nog and SOZZ) where it is easy tc cnvision '
delocaliization within the molecular anions. ‘Reccntly, we re-
ported Auger contributions resulting from loczliratiorn onto a
si=.=-5. Hond orbital cluster in Siozcll'a covalently bonded
s-_".st'e.. .

We report in this work a summary o studies on ithe solids

m =D 1le

- and Li,S0,,” along with conclusions fror our stucy
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localized initial and final Auger states. They could involve

.11 In these systems there are a wide range of possible

localization onto an atomic orbital (AO), onto a bonding lobe orbital
(LO), onto a subcluster molecular orbital (MO), or delocalized
throughout the band orbital (BO). A simple semiempirical model

is presented here for determining the extent of localization

and its effects on the experimental Auger lineshapes. This model

is presented in the next section. Application of this model

to the systems under study are presented in Sec. 3.

2. Theoretical Model

For the poly-elemental solids such as those under study, a
cluster configuration interaction (CI) approacﬁ, such as that
described previously by one of us is appropriate.11 The results
of that approach and the necessary definitions of the parameters
involved is best summarized by presenting a simple two-orbital
model problem.

For the moment, we assume the system has two holes present
which is appropriate for the initial shake~Auger or final (normal)
Auger state assuming an initially closed shell or filled band
state (e.g., an insulator). We describe the holes by the one-
electron orbitals C?a and CP b and proceed to diagonalize the
hamiltonian H=h1 + hz + 'i; (We consider only the singlet spin
states and assume (@,‘&J: o.)

97 gy  #Ah+AR)
Q‘ aeq + an o HCL
&: o . ZE,’ + U b Hq L

7 (Q9+4.8 Heb Hal €atg,+Uay,

3




where & a = Eb are the one-electron orbital energies (e.g.

ea = < ‘?q ‘ Wi &°> ). Uaa=Ybb and U, are the one- and two-center
Coulomb repulsion interaction integrals, ¢ ‘D:I ",{ 'I Cp:?

and ¢ Q&bh{'w. &Q respectively, and Hy, = CANNEA

is the hopping matrix element. Clearly if Hyp << Upa=Uapy

very little mixing occurs and the hole states d, , and

a '

&, &b + &b&q essentially diagonalize H, i.e., the orbitals
&a and @b properly describe the localization of the two

holes. If Hab>> Uaa ab’ the mixing of the configurations is

complete and the eigenstatez are
1) -é- (8 + 2+ 9,9, +8,8,)= +(A+ A
& (A2 A0) = 2L (8, + 8N (9-8) + (22N (4.4 Q)] 2)
D+ (+8-8.4- 8,0, )= 4 (&.-m’
with eigenvalues L
26, + (Uqa *+ Uas)/2 + Hab
2= 28, + Uy, . o 3)
Ey = 28, + (Uyy + Uyp)/2-Hyy |

In this instance the linear combinations Q a:Qb properly -

1
[
]

=
]

describe the localization of the two holes.
We now use an 'Aufbau' principle to determine the extent of
delocalization. Consider first the possibility of localization

into AO0's vs. LO's. The Auger process prepares the holes lo-

2

cally in an atomic orbital, say A0 . 1In this instance H, = v/2

(v=bonding-antibonding separation) is the covalent interaction

between neighboring atoms (e.g., between the central atom xp and

o2p in xon) ’ Uaa is the one«center Coulomb repulsion (Uxx or
4
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and
Uoo)’/Uab is a two center repulsion integral which we approxi-

. . 17
mate by the Klopman approximation:

~1/2 )

2 2 4
Uab =e [Rab +e /(Uaa Ubb)]

If V> Uxx-Uxo the holes delocalize onto the orbital aA0x+bAoo

which we refer to as a bonding lobe orbital (LO).
A CI involving the LO's proceeds similarly with Ea now the
energy of the LO. We assume here that on is an sp3 (oxr sp2

in the case of N03) hybrid orbital, thus Hab' Uaa and Ua are

b
now the covalent and Coulomb interactions between lobe orbitals.
4 . 1 LY
Hap = ¥/n=aq kxx' *bhoo +2abhy
Uaa ujﬁ = a" Uxx + b*Us + 2ab uxa ' 5)
Uap = Ugg’ = a®Uyy’ + b oo’ + 2a b Uxo',

where n is the number of lobes on the MO cluster. We assume hoo'

and hxo’ are negligible; hxx'= ) 2,,_,(0'5 - Gp), where “s and °‘_p
are the empirical one-electron atomic s and p orbital binding
energies of the central atom- 1.8 ¢ can be obtained empirically
from the spread in energy of the X s and p orbitals in the 02p
bonding band of the system; information which can be obtained
from x-ray emission data. If ¥ > Usg = UN' , the holes delocalize

n . .
onto clusters involving the n LO's on the X atom, Mo=s Z,c i:mi' .

£ N

A CI involving MO's on different molecular clusters requires

the quantities H_ = P/N., U, Uy * (N-1) Uge* )/N, and

va, :.ez/R, where [" is the orbital band width, N is the number
of nearest neightor clusters, R is the X=X’ nearest neighbor dis-~
tance, and bvv and va' are the Coulomb interactions between

holes on the same and neighboring MO clusters (e.g., xon). . If

[>U,,~U,,+ the holes delocalize in the BO's.

vv
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Summarizing the results of the CI approach we have:

V< Uy ~U Q- Ao
V>U_ -U _ , ¥<Ug-Upy’ §- Lo 6)

f 20y - Uyy' 4~ 8o
where 4’describes the appropriate localization of the two holes.
By defining the U's appropriate to the 3-hole Coulomb inter-
action, we can describe the localization in the 3-hole shake-~
Auger final state. If the U's are defined as a core-valence
Coulomb interaction, we can determine the localization of the
core-valence state initiating the shake-~Auger process.

A quantitative comparison of theory and experiment is made
by deriving a theoretical Auger lineshape. The Auger transition
energies are given by SRR ' 1)

E = C-En-En ] -U

cnn' nn'

where E, is the core one-electron binding energy and En and Uint
are the valence one-electron binding energy and Coulomb inter-
action appropriate for the extent of localization, i.e., for the

atomic, lobal, molecular, or band orbital. Auger intensities

2

are computed from the local AO populations a *n and atomic Auger

matrix elements Mcxx'» 8) i
—a2_ a2, , 1
X

I n x'n' “exx!

cnn' ,
both determined as described previously;lg The Auger widths

are approximated as a sum,
Fcnn"’r‘c'*n*r\n'*z‘() ' ")' i
of coxe [ and valence [{, level widtlis plus a singletetriplet

spin splitting term obtained as described preViouslf.la

6




A large contribution (20 to 40%) to the total Auger line-
shape results from shake-~Auger satellites. These contributions
arise from shake-off during the initial core ionization process,
the additional valence state hole causing a shift in the Auger
energy. The shake-up process (valence excitation instead of
valence ionization) is not significant in the insulating systems
studied here due to the large band gaps at the Fermi level.20
The probability for shake resulting from core ionization can bhe
determined from the sudden approximation

P, = 1 - <‘9n<9; 7 2" )

where 4; (<f;) is the unrelaxed (relaxed) orbital describing

10)

the proper localization of the valence hole. We approximate

eq. (10) with the expression )
v - (1-a2 4 .2 1o y1/2n,2N i
Pn 1 (1-a© + a” (1 Pa) ) ,
where a?is the local orbital population and Pa the atomic shake-
off probability for the atom with the core hole. A comparison

of the results using egs. (10) and (11) for the NH3 molecule21

indicates eq. (11) is a good approximation. The resultant

satellite intensity is

= (N-D) 5 .
Ics—snn' 5 TZP Icnn b)

where i=1 if s=n ¥ n', i=2 if s=n=n' and i=0) otherwise. (Fqgs.

12)

(11-12) correct egs.(1-2) in ref. 22.) The shift in energy be-

tween the parent Auger and shake satellite contributions is

approximated by22

13)
AE sisnn T Ues - U - Uspe = Ueg - Ugpn' + Upw!
where the U's must be evaluated with the properly localized

orbitals, and the sum of pairwise potentials has been assumed.

7




3. Results and Discussion

As seen from Table I, Uxx-U is generally less than l0eV.

X0
The X-O covalent interaction V is g 10-12eV, for the systems

23

under study, thus delocalization from the central atom X is

expected. On the other hand, I" (<UW, for Li,SO, and NaNO,3)

is less than UVV—U

(u._y=3eV), thus delocalization from the
vv! v

anion is not expected. However, if two holes are created in
adjacent Si-0-Si lobes, they can delocalize ( Uxxdadjacent)— Uli"
(non-adjacent)< ¥ =V1). Thus, the focus of this discussion is
localization on a lobe verses delocalization onto the molecular
anion xon, or throughout the system for Sioz. It is evident

from Table I that two holes will remain localized on a Si-0-Si

lobe (Upg - UQQ'>5); two holes will delocalize onto the N03 molec-

ular anion (Ugy -Ugg’<¥). The situation is unclear in SO, since

tU&"'gM“X‘ however, we will proceed to use SO, MO's. Therefore,

4
the two hole final state will be described by the XOn cluster

MO approach for oxyanion systems and by the Si-0-Si bond orbital

approach in SiO Local Si-0-Si and non-local Auger contributions

2-

(correlation effects) should be seen in Si02, only NO, MO contri-

3
butions will be seen in NO,. Large correlations effects should

3
be present in SO4, however the local and non-local contributions
will not be resolved since Uﬁ& "%&”’37 thus they will not signi-
ficantly alter the normal Auger lineshape.
The shake-Auger satellites follow a similar trend. First,
note that because of the size of Uov ; the shake hole cannot get
off of the oxyanion or off the Si-0-Si bond orbital. (If the

shake hole could delocalize, all shake satellites would be

8




absent from the Auger lineshape.) The three-hole final state
resulting from the shake -~ Auger process has a larger Coulomb
interaction energy, hence localization and correlation effects

are expected to be more important. As revealed in Table I,

however, even the three holes should delocalize throughout the
NO3 anion; little correlation effects are expected since

Uy ~Uggy’ @nd Ugoor =Ugeww < Y- In S0y, Uggg-Ueeg’ > ¥ = Ugyg'~ Ugg'p¥

thus one might proceed with a SO4 MO picture for the 3-hole

state, but large correlation effects should again be expected.

In Si0, Usgq - Uyge’ and Ugpg’ - Uu:q"’l so thg Si-0-Si LO gives
the proper description of shake-Auger satellites.

The upper set of curves in Figs. 1-2 compare experimental
and total theoretical N KWV LiNO3 and S L,,VV Li2804'Au§er lines
shapes respectively. The N lineshape was obtained via x-ray '
excitation, the S by electron excitation; both were background
substracted and loss deconvoluted by a method described else-
where.24 The middle curves compare the separate Auger and
shake~Auger theoretical contributions, the latter 35% for N and
34% (including Coster~Kronig) for S of the total as determined
from eq. (11). These curves have been obtained using egs. (6)
through (13) and NO3 and so4 MO. energies and populations as
derived and reported elsewhereils-lé The total theoretical i
lineshape was normalized and shifted in energy A for principle o

peak alignment with the experiment. The required energy shifts 'a

A (+3eV and +2eV respectively) may be attributed to charging

of the insulating samples and thus this absolute energy shift

9




is not a good test for correlation effects in the twoehole
state. The lower curves compare the theoretical shake-Auger
lineshape with the difference between the total experimental
and the theoretical normal Auger lineshapes; the latter may be
referred to as the 'experimental' shake-Auger lineshape. Dif-
ferences between the theory and experiment in the upper and
lower curves (by definition the differences are the same) are
largest at the higher energies. These may be attributed to da-
mage of the sample since in both NO, and S0, the higher energy
region grows with electron beam exposure. Note, és one might
expect, more structure is seen in the shake-Auger than in the
normal Auger lineshape.

Welfocus our attention on the lower curves of Fig. 1-2
and the shift 3 required to bring the theoretical and
“experimental” shake lineshapes into alignment. This additional
shift 8= -lev for No3 may be regarded as an adjustment in
AEcs-svv’(a relative energy shift between the Auger and shake-Auger);
we can allow this flexibility due to the approximate nature of
eq. (13). However, the & = +6eV for SO4 is larger than

the uncertainty in eq. (13), and we attribute it to the large

correlation effects expected in the three-hole final states,of_so4.

Assuming the SO4 MO's describe the proper localization, eq.ﬂs)

gave AE (MO) =-8eV. If we assume instead that the LO's are more

proper, we might expect a shake-Auger contribution at each level

of localization; at AE(RR ) = ~17eV, AE(R}’') = -7ev, and

AE (39'R") = -2ev. However, the 3 contribution is forbidden

by the Pauli principle, and the Juwicontribution is reduced in
10
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11

magnitude by matrix element and statistical (the (M-i)/N
factor in eq. (12)) effects. 'Thus, we might expect the dominant
shake contribution at AE= -2eV which accounts for the & shift of
+6eV. We conclude the LO gives the more proper localization
for the So4 three hole final state.

A similar comparison of theory and experiment for the

si L23VV and O KVV linesﬁapes in si0, have been given previous-

2
ly,ll Significant correlation effects were evident in these
lineshapes already in the two-hole final state as expected from
the data in Table I.

In conclusion, it is clear intermediate levels of localiza-
tion are evident in Auger lineshapes in both the two- and three-

hole final states. Our simple model as outlined above is helpful

in understanding and predicting the extent of this localization.
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TABLE I. Summary of covalent and Coulomb interactions in

.. . ‘a
NO3, SO0, and sz

Interaction no, 80, sio,

c

Uxx 12 - 12 9
g ' _

Ueo eq. (4) 9 8 7
d

Uoo eqg. (4) 6 6 5
5 _

Uss eq. (5) , 12 12 11

ugg'd  eqa. (5) 8 7 5

U,, = (Ug +N-)Ugg)/N 9 9 6
e

ov 13 10 9

18°]) . = 3Ugq 36 36 - 33

Um’ = Um + ZUM' 28 26 21

TY = 3Ugp 24 21 15

411 quantities (in. eV) evaluated assuming the electron
population on the central atom a2is .38, .25, and .25 regpectively

for N, S, and Si. We assume a2 + b? =1 and utilize the zero
differential overlap approximation. All numbers have uncertain-
ties of the order =z 1lev.

bEvaluat:ecl empirically from an analysis of x-ray emission and

photoemission data (11, 15-16) and from 2(q‘-d.,)a2. Agreement
to within lev is obtained.
o

€y _=fF° -

o .
nn~Fnn = nn where F~ is the Slater integral tabulated by

Mann?5 and r is a relaxation energyzs estimated to be

6,6,1 and lev for N, O, S, and Sg. U, = 1l5ev




TABLE I (continued)

dEvaluated using Rxo =11.2, 1.4, and 1.6, Roo

= 2.1' 2.4'
o .
and 2.6 A respectively for N03, S04, and Sio2

e _ .2 2 T . R
Uy =2° U +Db Uo, Where U,  is determined using the
equivalent cores approximationzs.




Figure Captions

Fig. 1
Upper curves: the total experimental (solid line) and theoreti-

cal (dotted line) N KVV Auger lineshape for NaNO The theo-

3°
retical lineshape has been normalized and shifted by A= 3eV to
align with the principle experimental peék.

Middle curves: the normal Auger (solid) and shake-Auger (dotted)
contributions to the total Auger lineshape.

Lower curves: the "experimental"” (solid) and theoretical (dotted)
shake-Auger lineshape. The "experimental® was obtained by subQ
tracting the theoretical normal Auger lineshape from the total

experimental lineshape. The theoretical lineshape was shifted

by & = ~leV for better alignment.

Fig. 2

Same as Fig. 1 for LiSO,, except & = +2eVand $= + 6ev.

i




INTENSITY (EQUAL SCALES)

NO; N kw

EXP. /

———THEO.TOTAL

EXP.
----- -~ THEO. AUGER
———THEO. SHAKE

EXP.— THEO.AUGER

———lTHEO.lSHAKE|
| 1 1

T S

320 360
AUGER ENERGY (eV)

e v




INTENSITY (EQUAL SCALES)

SOF S LypVV

——EXP. |
~—-- THEO.TOTAL

— EXP.
~——~THEO. AUGER
——=THEO. SHAKE

— EXP.—THEO.
AUGER

—— THEO. SHAKE/

AUGER ENERGY (eV)




.

~

SP472-3/A1

472:GAN:716:ddc

78ué472-608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

Office of Naval Research
Attn: Code 472

800 North Quincy Street
Arlington, Virginia 22217

OKR Branch Office

Attn: Dr. George Sandoz
536 S. Clark Street
Chicago, Illinois 60605
ONR Area Office

Attn: Scientific Dept.
715 Broadway

New York, New York 10003

ONR Western Regional Office
1030 East Green Street
Pasadena, California 91106

ONR Eastern/Central Regional Office
Attn: Dr. L. H. Peebles
Building 114, Section D
666 Sunmer Street
Boston, Massachusetts 02210
Director, Naval Research Laboratory
Attn: Code 6100
Washington, D.C. 20390
The Assistant Secretary
of the Navy (RE&S)
Department of the Navy
Room 4E736, Pentagon
Washington, D.C. 20350

Conmander, Naval Air Systems Command
Attn: Code 310C (H. Rosenwasser)
Department of the Navy

washington, D.C. 20360

Defense Technical Information Center
Building 5, Cameron Station
Alexandria, Virginfa 22314

Dr. Fred Saalfeld

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

-N-o-.
Copies

12

U.S. Army Research Office
Attn: CRD-AA-IP

P.0. Box 1211

Research Triangle Park, N.C. 27709
Naval Ocean Systems Center

Attn: Mr. Joe McCartney

San Diego, California 92152

Naval Weapons Center

Attn: Dr. A. B. Amster,
Chemistry Division

China Lake, California 93555

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hueneme, Californis 93401

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Slafkosky

Scientific Advisor

Comr.andant of the Marine Corps
(Code RD-1)

Washington, D.C. 20380

Office of Naval Research

Attn: Dr. Richard S. Miller

800 N. Quincy Street

Arlington, Virginia 22217

Naval Ship Research and Development
Center

Attn: Dr. G. Bosmajian, Applied
Chemistry Division

Annapolis, Maryland 21401

Naval Ocean Systems Center

Attn: Dr. S. Yamamoto, Marine
Sciences Division

San Diego, California 91232

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

Copies

No.

=13




- lm " N o YRR St ot $8r 2 an

-

SP472-3/A3 ' 472:GAN: 716:ddc
78u472-608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.

Dr. Rudolph J. Marcus

Office of Naval Research ' .
Scientific Liaison Group

American Embassy

APO San Francisco 96503 1

Mr. James Kelley
DTNSRDC Code 2803
Annapolis, llaryland 21402 1

RS ———



SP472-3/A17

472:GAN:716:ddc ]
78u472~608 '

TECHNICAL REPORT DISTRIBUTION LIST, 056

Copies

Dr. D. A. Vroom

IRT

P.0. Box 80817

San Diego, California 92138

Dr. G. A. Somorjai
Department of Chemistry
University of California
Berkeley, California 94720

Dr. L. N. Jarvis

Surface Chemistry Division
4555 Overlock Avenue, S.W.
Washington, D.C. 20375

Dr. J. B. Hudson

Materials Division

Rensselaer Polytechnic Institute
Troy, New York 12181

Dr. John T. Yates

Surface Chemistry Section
National Bureau of Standards
Department of Commerce
Washington, D.C. 20234

Dr. Theodore E. Madey
Surface Chenistry Section
Department of Commerce
National Bureau of Standards
Washington, D.C. 20234

Dr. J. M. White
Department of Chemistry
University of Texas
Austin, Texas 78712

Dr. Keith H. Johnson

Department of Metallurgy and Materials
Science

Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

Dr. J. E. Demuth

IBM Corportion

+Thomas J. Watson Research Center
P.0. Box 218

Yorktown Heights, New York 10598

Dr. C. P. Flynn
Department of Physics
University of Illinois
Urbana, Illinois 61801

Dr. W. Kohn

Department of Physics

University of California
(San Diego)

LaJolla, California 92037

Dr. R. L. Park

Director, Center of
Materials Research

University of Maryland

College Park, Maryland 20742

Dr. W. T. Peria

Electrical Engineering
Department

University of Minnesota

Minneapolis, Minnesota 55455

Dr. Narkis Tzoar

City University of New York
Convent Avenue at 138th Street
New York, New York 10031

Dr. Chia-wei Woo
Department of Physics
Northwestern University
Evanston, Illinois 60201

DPr. D. C. Mattis

Polytechnic Institute of
New York

333 Jay Street

Brooklyn, New York 11201

Dr. Robert M. Hexter
Department of Chemistry
University of Minnesota
Minneapolis, Minnesota 55455

Dr. R. P. Van Duyne
Chemistry Department
Northwestern University
Evanston, Illinois 60201




- 7 A

-~

SP472-3/A19

472:GAN:716:ddc

Dr. M. G. Lagally
Departwent of Metallurgical
and Mining Engineering

78u472-608
TECHNICAL REPORT DISTRIBUTION LIST, 056
Yo.
Copies
Dr. J. Osteryoung
Chemistry Department
SUNY, Buffalo
Buffalo, New York 14214 1

University of Wisconsin
Madison, Wisconsin 53706

Dr. Robert Gomer
Depa-tment of Chemistry
James Franck Institute
5640 E1lis Avenue
Chicago, Illinois 60637

Dr. R. G. Wallis

Department of Physics
University of California, Irvine
Irvine, California

92664

ington, D.C. 20052

Dr. P. Hansma

Chemistry Department

University of California,
Santa Barbara

Santa Barbara, California 93106

Dr. P. Hendra

Chemistry Department

Southhampton University

England SO9JNH

Professor P. Skell

Chemistry Department
Pennsylvania State University
University Park, Pennsylvania 16802
Dr. J. C. Hemminger

Chemistry Department

University of California, Irvine
Irvine, California 92717

Dr. Martin Fleischmann
Department of Chemistry
Southampton University
Southampton 509 5NH
Hawpshire, England

Dr. G. Rubloff

I.B.M.

Thomas J. Watson Research Center
P. 0. Box 218

Yorktown Heights, New York 10598
Dr. J. A. Gardner

Department of Physics

Cregon State University
Corvallis, Oregon 97331

Dr. G. D. Stein

Mechanical Engineering Department
Northwestern University
Evanston, Illinois 60201

Dr. K. G. Spears
Chemistry Department
Northwestern University
Evanston, Illinois 60201

Dr. R. W. Plummer
University of Pennsylvania
Department of Physics
Philadelphia, Pennsylvania 19104
Dr. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 41106

Professor George H. Morrison
Cornell University
Department of Chenmistry
Ithaca, New York 14853

Professor N. Winograd
Pennsylvania State University
Chemistry Department
University Park, Pennsylvania 16802
Professor Thomas F. George

The University of Rochester
Chemistry Department

Rochester, New York 14627

P D e S s




